Solar electricity supply system has grown at very rapid pace in India during the last few years. A total of 1047.84 MW of grid connected photovoltaic projects and 160.8 MW of off-grid systems have been commissioned under different policy mechanisms between January 2010 and November 2012. It is observed that solar capacity development has achieved a greater height under state policies (689.81 MW) than others. A study is made in this paper of various national and state level schemes, incentives, packages, instruments, and different mechanisms to promote solar photovoltaics and its effectiveness.
Introduction
The changing lifestyle with rapid industrialization has made electricity an indispensable and essential commodity over the years. During the last few decades, increasing prices of electricity with increasing demand and decreasing fossil fuel reserves have raised many concerns for policy makers, investors, and customers. Moreover, existing supply chain also poses a challenge of carbon foot print due to its dependency on fossil fuels like coal and oil for electricity generation [1] [2] [3] .
To alleviate the concern, policy makers across the world have been looking for some sustainable and feasible alternative input energy sources for electricity generation. They found many options like nuclear, wind, solar, hydro, biomass, tidal, geothermal, and so forth [3, 4] . However, literature supports solar energy as it is the most ready and green option available across the world [5] . The report published by Indian Meteorological Department (IMD), Ministry of Earth Sciences, Government of India (GoI) [6] states that The solar energy received by the earth is more than 15,000 times the world's commercial energy consumption and over 100 times the world's known coal, gas and oil reserves. And this energy is readily available during the day for anyone to tap and that too free and without any constraint.
Initially used to supply electricity to satellites due to its high generation cost, solar technologies and its potential have improved enough to supply electricity not only to remote locations but also to supplement the national grid power at multimegawatt levels [7] .
In India, wind-and solar-based systems have been getting good response under the conducive environment created through different policy measures. In this paper, our focus is only on the development of solar-based electricity supply systems. There are different kinds of support measures to promote grid connected and off-grid solar systems. We discuss these in detail in the subsequent sections.
India's Potential for Solar Energy
India is located in the northern hemisphere, lying between latitudes 8 ∘ 4 N and 37 ∘ 6 N and longitudes 68 ∘ 7 E and 97
∘ 25 E; the country is divided into almost two equal halves by the Tropic of Cancer (23 ∘ 30 N). The southern half which coincides with peninsular India lies in the tropical zone, while the northern half belongs to the subtropical zone.
Due to its locational advantage, on average, the country experiences 250 to 300 sunny days per year and receives an average hourly radiation of 200 MW/km 2 . The annual global radiation varies from 1600 to 2200 kWh/m 2 [6] , which is typical of the tropical and subtropical regions. NREL recently released 10 km resolution solar resource maps for India based on the SUNY satellite. Figure 1 shows the annual average direct normal irradiance (DNI) across India, which illustrates that most areas of the country have greater than 5 kWh/m 2 /day of DNI. This image shows the areas of highest resource occurring in the state of Gujarat, Rajasthan, and the high-elevation Himalayan region. Figure 1 also shows large areas with annual average DNI greater than 5.5 kWh/m 2 /day in the state of Madhya Pradesh, Chhattisgarh, and Maharashtra and smaller land areas with similar resources in several other states. This area could be further increased by the use of building-integrated PV. Though large-scale CSP has not yet been deployed in India; one study has estimated that this technology alone could generate 11,000 TWh per year for India (Table 1 ). In addition, it also offers huge potential for decentralized distributed electricity supply system, which can address the problem of electricity to a remote location with less/lower transmission losses.
In spite of huge solar energy potential, the portfolio of RE has developed in a very unique way in India, though, lately introduced wind power technology has left behind all the traditional RE technologies such as biomass, solar power, and SHP as shown in Figure 2 . It also demonstrates that solar power has the maximum untapped potential as 97.9% of estimated potential of 50000 MW. And the overall untapped potential of 81.3% seeks immediate attention of policy makers for exploiting this available RE resource in a very efficient and effective manner to overcome the problem of electricity shortage.
Development of Solar Electricity System under Different Policy Measures in India
Government of India has recognized the importance of solar energy as one of the sustainable sources of energy under National Action Plan for Climate Change (NAPCC). NAPCC aims to derive 15% of its energy requirements from RE sources by the year 2020 [10] . Various policy measures, such as preferential tariff or fixed tariff or feed-in tariff (FiT), RPO, excise duty exemption, and soft loan, have been implemented to achieve the above-mentioned target. RPO is one of the tools which have been implemented by many countries to achieve their ambitious RE goals [11, 12] . In India, state electricity regulatory commissions (SERCs) determine the obligated entities, which generally include distribution companies, captive consumers, and any open-access users. Then these SERCs fix a certain proportion of electricity consumption as RPO targets for the above-mentioned obligated entities. Due to significant cost difference in solar and nonsolar RE technologies [13] , most of the states have come up with their separate targets for solar electricity, as shown in Table 2 . As per the National Tariff Policy, it is envisaged that the targets for solar RPO shall be 0.25% by 2012-2013 extending to 3% by 2022 [14] , but only the state of Bihar has followed it in its solar policy the way it is expected.
A study conducted by MNRE shows that most of the states could not install capacity of solar system as per their RPO compliance requirement for the year 2012-2013 as on 12th of November 2012 (Table 3) However, when annual solar capacity requirement for RPO compliance is analyzed (Table 4) , it is found that India would need ∼34,000 MW of solar capacity to achieve the target of 3% contribution from solar electricity till 2022. It means that set RPO targets are not sufficient to have a solar energy dominant RE development scenario [15] . The policy makers expect to fill this gap with states' solar energy promotion policies and programmes. Most of the states have come up with their solar energy specific policies which are discussed in detail in subsequent sections.
As far as state-wise installation is concerned, (Table 5 ). It is expected that when cost will reduce with increasing capacity, states which have low or no capacity may contribute significantly. Moreover, Table 6 shows that the installed capacity (1047.87 MW) under various policy measures is dominated by state policies (65.83%) which is in particular the success mantra of state of Gujarat (689.81 MW). The peculiarity of theses installation scenarios should be taken into account while devising the policy for future.
Development under JNNSM.
To achieve the long-term goal of NAPCC, Jawaharlal Nehru National Solar Mission (JNNSM) was launched on 11th January, 2010, with an objective to maximize generation of power from solar energy. Thus, it also constitutes a major contribution by India to the global effort to meet the challenges of climate change. The immediate aim of the mission is to focus on setting up an enabling environment for solar technology penetration in the country both at a centralized and decentralized level [16] . Table 7 shows JNNSM's targets with time line. The first phase (up to March 2013) focuses on promoting off-grid systems including hybrid systems to serve the population which is located in remote areas. For the first phase modest targets were set under the expectation that this development would bring down costs under enabling framework and support for entrepreneurs to develop markets. This cost reduction would help in creating conducive environment to achieve the ambitious targets of the second phase (2013-17) and third phase (2017-2022). Recently announced JNNSM second phase policy mandate [17] includes the learning from the initial setback. It gives more weightage to state scheme (5400 MW) than central scheme (3600 MW) for target capacity installation (Table 8) . It also focuses more on VGF for incentivizing the projects.
To make the efforts more concentrated and specific, in a recent initiative, MNRE has given approval to the development of 54 solar cities [18] . As of now (January 21, 2013), 8 master plans have been approved for eight cities-Agra and Moradabad from Uttar Pradesh; Thane and Kalyan-Dombivli from Maharashtra; Indore from Madhya Pradesh; Kohima from Nagaland; and Aizawl from Mizoram and Chandigarh [18] . Thus by reducing scale, MNRE expects better solar capacity development in the near future.
Development under REC.
The REC mechanism is a market-based instrument to promote renewable sources of energy and development of market in electricity, leading to the sustainable development of the country. REC mechanism has been designed to address the mismatch between availability of renewable electricity and the requirement of the obligated entities to meet their RPO by purchasing green attributes of RE remotely located in the form of REC. The implementation issues as well as institutional framework for India have been discussed in detail by Singh [19, 20] and MNRE [21] . Goyal and Jha [22] discussed in detail the framework to promote RE through a framework which puts into place Renewable Purchase Obligation (RPO) mechanism.
In India, RECs trading began in March 2011, on the platform of Indian Energy Exchange (IEX) and Power Exchange of India (PXI). Though during initial period it could not perform as per expectation, but the performance has been improving during the last few months, as shown in Table 10 . But still due to large unmet demand, solar REC price has been hovering around the forbearance price (Table 9 ) of Rs. 13400/ REC. However, a recent notification by MNRE [23] which clarified state agencies for allowing use of solar REC to nonsolar RPO if it is above its minimum prescribed limit may increase the liquidity of solar REC market which is expected to decrease the price of it.
Though the capacity installed under this mechanism is only 4.75 MW (Table 6 ), but capacity registered under this mechanism has reached close to 20 MW [24] . And the present high price of REC holds bright prospects for this newly launched incentive scheme.
Development under RPSSGP/GBI Scheme.
Rooftop Photovoltaic (PV) and Small Solar Power Generation Programme (RPSSGP) is a Generation-Based Incentives (GBIs) programme of the Ministry of New and Renewable Energy (MNRE) under the JNNSM for rooftop and other small solar plants. As of now, the installed capacity of 87.8 MW, which is well distributed across many states (Table 5) , has been developed under this scheme. Due to limited access to smart grid/ net metering connectivity, this incentive has not yet been harnessed to its fullest by the developers.
Development under the State Policy.
Most of the states have been using preferential tariffs as a tool to promote solar energy in their states (Table 11 ). But, due to huge financial burden, states of Gujarat and Andhra Pradesh have switched their focus from preferential tariff to REC market in their recently announced solar policies [25, 26] . Moreover, state of Gujarat has also made provision for sharing Clean Development Mechanism (CDM) benefits to developers, starting from 100% in first year after commissioning, and thereafter reducing it by 10% every year till the sharing becomes equal (50 : 50) between the developers and the consumers [25] .
Likewise several states have also come up with many other encouraging policies like Accelerated Depreciation (AD) on capital investment, soft loan for financing, reduced or no transmission and wheeling charges, no cross subsidy surcharge for open-access transactions, reduced or no intra-state Availability-Based Tariff (ABT), nonapplicability of merit order dispatch principles, exemption from electricity tax, tax concessions, refund of stamp duty and registration charges paid for land purchase, single window clearance, faster power evacuation approval, and so forth [25-27].
Conclusion
The study concludes that though JNNSM first phase could not perform up to the expectations, the state level policies have been doing well to fill the gap. The recently announced JNNSM Phase II target composition of 3600 MW for central and 5400 MW for states, changes in policies and schemes in light of the experience of Phase I, and development of 54 solar cities are likely to impact the National Solar Mission performance and enhance the overall visibility of solar-based electricity generation and utilization.
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